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SUHMAET 



The present paper supersedes Technical xTote "So. 599 
for deteriBining the t ine— Telocity— altitude relations for 
airplanes diving In a standard atmosphere and the Advance 
Confidential Seport entitled "Time-Velocity— Alt itude He- 
latlons for an Airplane. S Ivlng in a Standard Atmosphere." 
The charts of Technical Note No. 599 have Ijeen extended 
to include altitudes up to 35,000 feet and "nominal" termi- 
nal velocities up to 800 miles per hour. In addition, the 
present pajper corrBcts an error In the factor that was 
used in hoth superseded papers for converting the original 
hasic charts to the case of the inclined steady dive and 
gives a slnple method for taking into account the effects 
of compressibility on the time— velocity— altitude rela- 
tions. Two examples are included to illustrate the use 
of the charts. 



ZNIHOSUCTION 



The velocitj'^alt itude relat^ions for airplanes In a 
dive have heen treated hy several writers. Slehl (refer- 
ence l) assumed a constant— density atmosphere. Vllson 
(reference 2} and Seeker (reference 3), vho have taken 
the variation of density Into account though using dif- 
ferent approaches, have given no method for determining 
the time to dive. Eegardloss of the manner in which, the 
density is taken into account, the velocity— altitude equa- 
tions hocome too lengthy and complicated for general use 
when a relatively quick answer may ho desired. Charts 
showing the time— velocity-altitude relations have there- 
fore heon constructed. 

Such a series of charts was given in reference 4 for 
determining the time— velocity— alt itude relations for an 
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airplane dlTlng In a standard atmosphere. When these 
charts vrero flret prepared (1984), the range of Initial 
altitudes extended to 32,000 feet and the range of alr- 
plajie "aominal" terminal reloolties extended to 550 miles ' 
per hour. These limits, for hoth the altitudes and the 
terminal velocities, were mainly determined by the per- 
formance of the airplanes available at that time, al- 
though tlie difficulty of including compressibility effects 
and altitudes above the tropopause was recognized. 

At the present time, however, the nominal Indicated 
terminal velocities of a large number of airplanes, that 
Is, the terminal velocity based on a constant minimum 
profll&-drag coefficient and standard sea— level conditions, 
are found to be considerably in excess of the speed of 
sound (763 mph) and altitudes above 32,000 feet are quite 
ordinary. Ihe original charts are thus Insufficient to 
cover the possible range even though the effects of com— 
presBibility on the profile-drag coefficient could be 
neglected. 

The present paper extends the original charts to 
nominal terminal velocities above the speed of sound and 
to an altitude of 36,000 feet. The extension also in- 
cludes a relatively simple method for determining the ef- 
fect of coupreseibllity on the t ime— velocity-altitude 
relations. The use of this method requires a knowledge 
of the nominal terminal velocit;/ of the airplane and of a 
terminal Hach number for the airplane profile— drag coef- 
ficient . 

In addition to the extensions made to the time- 
velocity charts of reference 4, the present paper corroots 
an error that was made in the factor of this reference, 
which was also used in reference 5, for converting the 
original basic charts to the case of the inclined steady 
dive. In order to make the presant paper comploto and 
Independent of references 4 and 5, the necessary original 
deriv/Atibns given therein are first repeated and the os- 
tenslons and modification's are then introduced. 



TIME-VELOGITY-ALTITUDE CHARTS WITH 
C0UPBES5ISILITY SPPSCTS UEaLECTES 



"The time— velocity— altitude charts, which are givon 
in figures 1 to 14, cover a range of nominal terminal 
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▼elocltlee from 150 to 800 miles per hour In increments 
■of 50 miles per hour. ' The starting alt Itud'ea' vary' from 
8000 to 16,000 feet In Intervals of 2000 feet and from 
16,000 to 36,000- feet In intervals of 4000 feet. Xhe 
terminal velocity IT, "by which each chart Is designated, 
is the velocity that a hody would have In an atmosphere 
of constant sea— level density and with a constant profile- 
drag coefficient such as would "be obtained at relatively 
low speeds. Xhe abscissas of the curves are the true, 
not the indicated, velocities. 

In the establishment of the velocity-altitude cxirves 
(full curved lines in figs. 1 to 14), the type of equatjLon 
developed in reference 2 was used with slight modifica- 
tions to the constants to give better agreement with the 
recognized standard atmosphere of reference 6. These 
modifi cat ions consisted in replacing the factors 3 and 
1200 occurring in the original equations of reference 2 
by the factors 2.7 and 1254, respectively. The new equa- 
tion is 



where 



V trv.e airspeed, feet per second 

g acceleration of gravity (32.2 ft/secs) 

h altitude, above sea level, feet 

H starting altitude, above sea level, feet 

U terminal velocity of airplane in air at standard sea- 
level density with constant profile— drag coefficient, 
ulles per hour 



Tho placing of tho tine netv/ork on the charts, shown 
by the full lines running diagonally across the various 
curves, was accomplished either by the use of the equations 
applying to a body falling in a vacuum or by the use of a 
step— by— step process of integration. Bach qf the fore- 
going methods had a particular region in which It was more 
easily applied than tho othor for the same degree of ac- 
curacy. 
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The aoeeleratlon of an airplane In a Tertloal dive, 
at any Instant, can be given by 

a - 3S.8 ^1 - (2) 

vhere 

a aooeleratlon, feet per eeconA per aeoond 

q dynamic preeeure, ponndfl per square foot 

q^ dynamic pressure at the nominal terminal velocity, 
pounds per squure foot 

p mass density of air, slugb per cubic foot 

Equation (2) indicates that, durlnj; the early part of the 
diva before appreciable velocity is gained, the accelerjj,— 

* AA-P-fit^^m * _. J.T_J_ „_ _J> 1.1.. 




The cbftrts (figs. 1 to 14), althoufrh derived for a 
vertical dive starting from rest, may be used with vr.ri— 
ous diving angles and starting velocities. .If IT Is the 
terninal velocfty of an airplane in n vertical dive, the 
terminal velocity in a dive in which the flight path makes 
a constant angle Y with the grov.nd is 

•J (sin Y)* 

The new nouinal terminal velocity to bu used in selecting 
the appropriate chart .'or determiring the velocity- 
altitude relations in an incliuod dive is therefore 



U' = U (sin 'Ok 



(3) 
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.Although the veloclty^alt Itude relatione for the inclined 
dive are correotiy glTeh hy thfe" lae* chart , the ^tdme — 
altitude relations that are ol>tained must he dlrided by 
-< the Bine of the dire angle. The treatment of the inclined 

^ dire used in references 4 and 5 has heen found to he in 

^^ error. 

Values of U (aln Y) are tabulated on each of the 
charts and It will he noted that, when these factors are 
used, interpolation between charts will almost always he 
necessary to obtain the necessary relations. The effect 
of an initial diving speed is taken into account by con- 
sidering that the airplane started to dl-ve from rest at ' 
a somewhat higher altitude. 

The only errore in the charts that need be considered 
are those due to plotting and to the discrepancies that 
will occur in any step— by^step integration. The error in 
the tinie lines due to the last source is believed to be 
within 2 percent; the plotting error in the velocity- 
altitude curves is considered negligible. 

In the application of these charts to diving air- 
planes, however, several uncontrollable sources of error 
vrlll exist, namely: 

1. Variation of atmosphere from standard 

2. Manner of entry Into the dive 

3. Variation of the dive angle from the value assumed 

4. Propeller effect on drag 

5. Scale and compressibility effect on the airplane 

dr ae 

The error due to the first source is believed to be negli- 
gible and need not be considered. The manner of entry into 
the dive, although relatively unimportant in the determi'i^ - 
natlon of the time— velocity— alt Itude relations for the 
longer dives, may become Important in the shorter dives. 
The effect of using an erroneous dive angle is likely to 
cause appreciable errors in the determination of the time— 
velocity— alt Itude relations only when the dive angle is 
small. An erroneous evaluation of the propeller effect 
on the drag is another source of error that la likely to 
occur. In the selection of the proper chart, it is necos— 
sary that the propeller effect bo taken into account. 
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Xha charts as giTsn do not consider any Tarlatlon of 
profile— drag coefficient with either Beynolds or Haoh 
num'ber; whereas it is known that, at oertpiln critical 
speeds, large variations will occur "because of compressi— 
hility effects. Before this region of rapid increase is 
reached, however, the profile— drag coefficient may he 
considorod constant and the charts may he used up to this 
point to ohtain the t ime— velocity— alt Itudo relations. 
Because the point at which the drag coefficient increases 
cannot he ostahlishod in advance, various dashed lines 
have heen placed on figures 5 to 14 to represent a nucher 
of values of the Mach num'ber H from' 0.5 to 1.0. These 
lines were determined for the chart by the equation 

V = SZ.Sliy/ 519 - 0.0035Sh (4) 

which expresses the relation betvfeen the velocity in 
ciles per hour, the Hach num'ber, and the altitude in a 
standard atmosphere. Values of H from 0.50 to 1.00 
were first f.ssumed, the polntn of the various curves that 
satisfied the foregoing relation were then ohtalned hy a' 
trial— and— error process, and all points for a given value 
of H were Joined. 



ESTIMAZIOK or C0MFBE53 IBILIIY E]r?j!!Ca7S 



In order to use the charts that are given (figs. 1 to 
14), it is necessary to determine or to define a point in 
terms of the Mach num'ber beyond vhich these charts should 
not be used. Ohviously, no simple determln/'.tlon of this 
quantity is possihle hecause the airplane is mr.do up of a 
number of parts, each of which may have a different 
""critical" speed and a different rate of change of profile- 
drag coefficient in this critical region. 

She 'rate of increase in the over— all airplane profile- 
■drag coefficient beyond the point at vhich the first .part 
reaches its critical speed may vary within rather wide 
limitR, depending upon the shape and the relative size' of 
the port .and also upon whether a number of parts reach 
their critical speeds simultaneously or in- succession. 

In order to estimate the variation of the over— all 
profile— drag ooefficient with Mach number from results 
obtained at speeds for which compressibility effects are 
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small, as In the ordinary vlnd— tunnel test, the Inorements 
of prof lle-;;drag coefficient of the varloua papts must "be 
added to the initial over— all Tarde, vhlch Is assumed to 
he reasonahly constant. Ihen, inasmuch as the drag coef- 
ficient is generally hased on vlng areai it is necessary • 
to correct the increments to the wing area hy multiplying 
the drag— coefficient increments' of each part hy the ratio 
of the area on which the drag— coefficient increments are 
hased to the wing area. 

97he variation with Hach numher of profile— drag coef- 
ficient near zero lift for some veil— known profiles is 
shown in figure 15; the variation with Hach numher of 
drag coefficient for various cowlings on a typical wing 
nacelle is shown in figure IS. Ihese data, which are re- 
ported in references 7 to 10, are typical of results oh— 
tained in the UACA high-speed tunnels. The drag coef- 
ficients given for the cowling— nacelle comhinatlon (fig. 16) 
are hased on the frontal area, that is , on ttI}^/4 where 
S is the largest diameter. Data are Included for only 
the vring and the cowling because these surfaces appear to 
he the most critical factors in setting the final terminal 
velocity, although the control surfaces, the fuselage, the 
windshield, and pr otuherances will contrlhute to the over- 
all effect. 

Tlgures lS(a) and 15(h) show that the thinner the 
section, the later the occurrence of the oompressihllity 
effocts. Because tail surfaces usually emplo3<- thinner 
profiles than wings, compress ihll ity effects are not likely 
to occur on tail surfaces operating near aero lift (tall 
lift coef f Iclent < 0. 1 ) as is usually the case in the dive. 
Although they may show comparatively early compr esslhillty 
effects, protuherances are not of particular Importance 
in limiting the airplane dive speed unless numerous and 
comparatively large. Reference 11 gives the drag of two- 
dimensional cylinders of simple shapes such as might form 
protuherances. It must he rememhered in using these data 
that Important end effects are omitted; this statement 
also holds for wing tips where the air i's not constrained 
to two-dimensional flow. 

Inasmuch as the induced velooltes are, in general, 
lower on stroamline surfaces of revolution, such surfaces 
show later compreoslhllity effects than cylinders of simi- 
lar profile. On a practical fuselage, however, the wind- 
shield and the various Junctures may he sources of local 
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compresBl'bllity effects that are difficult to evaluate. 

Data are given In reference 2 2 for deT ermlnlng the com— 
pr easlliillty effects for a uum'ber of windshields on a 
typical fuselage. 



As previously mentioned, the charts of figures 1 
tc 14 cannot he used hoyond the point at which the 
profile— drag cnrvea begin to deviate from a conotanb 
valuu wiuhov.t introducing some error In the relations 
sought. Because the rates cf deviation may vary widely 
hetwasn airplanes, no single chart can 'be devigod to rep- 
resent the relations heyond the point of deviation. If 
an exact solution Is required, It Is therefore necessary 
to evaluate hy a step— hy— step process the equation 



where V Is the weight in pounds 6ind S is the wing 
area in sc^uare feet. This type of solution need not, 
however, he lengthy, as the steps may he taken at inter- 
vals as large as 1 second and still give accurate results. 

An approximation to the time— velocity— alt Itude rela- 
tions may he quickly obtained, however, by the following 
procedure, which employs the terminal Hach number that 
would exist under standard atmospheric conditions a.t 1000 
feet and the normlnal terminal velocity on which the 
previous charts were based. The method to be outlined 
assumes that the profile— drag coefficient Is constant up 
to the time that the terminal Hach number is reached, at 
which point the drag coefficient immediately Increases to 
the value necessary to satisfy the equation 



SZKI^TSLOGIIY-ALTIIDUDE B2LA3?I0irS IN ZUS 



COHFEISSISILIII RAN&E 



dfh 
dta 



= e 




(6) 



The rate of increase is obviously more gradual than the 
method implies and some error is therefore Introduced. 
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Xhls procedure, however, has 1}een found to Introduoe only 
Bmall peroentage errors In the t Ime— altitude relations 
and somewhat larger arr-ora In the TeloeltT-altitude re- 
lations . 

The terminal Mach num'ber for stajidard conditions at 
1000 feet is determined "by plotting the -relation 




in the Baiae figure (fig. 17) as that giving the variation 
of airplane proflle^drag coefficient Cjj^ with Mach 

num'ber. The ahscissa of the intersection of these two 
curves represents the assujned terminal Hach num'ber 

that is required in the simplified method. 

The results given 'b7 figures 5 to 14 are now used 
until the assumed terminal Mach numl}er la reached and 
the values of the velocity and the altitude o'btalned at 
this point are denoted by '7^ and E^, Beyond this point 

the timer-velocity— alt itude relations are obtained from 
figure 18 by locating the values of and Ht and 

Interpolating between the appropriate Mach number' curves 
to the altitude at which the results are reculred. 

The time— velocity^alt Itude relations for an airplane 
diving in a standard atmosphere at a constant Mach number 
are represented in figure 18. The velocity— alt Itude 
lines of this figure were computed from the eq[Uation 

V = Mt( 763.2 - 0.0027h) (8) ■■ 

which is the binomial expansion of equation (4) with the 
first two terms retained. Integration of equation (6) 
gives the relation for the time in the form 

At = ^ lege h""-^ - °- 
Mt • \763.2 - 0. 

Equation (9) was employed to compute the time' relations 
of figure 18. The time required in the new range is found 



0027hl 



0027H 



(9) 
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"by noting the time at and subtracting that value 

from the time read at any later altitude h. 



1. In order to illustrate the use of the charts 
that are given, as well as to show how the reflults ob- 
tained with the sinple method compare with tho results 
of a step— hy^step computation, the following examples 
are vorked o-it for three hypothetical airplaneo , A, B, 
and G, for which the comnon characteristics are: 

Velfiht, pounds 6000' 

Vlng area, sq^uare feot 240 

Initial dive speed, miles per hour 0 

Initial dive angle, degrees . ' 90 

The initial starting altitude for A is 20,000 feet; for 

B, 24,000 feet; and for 0, 2S,000 feet. Ihe over-all 

Cd„ curvoB "both .have an initial value of Ci)^ = 0-.0199 
o o ^ • 

"but begin to vary at M = 0.4, as shown in figure 17. 
The nominal terminal velocities of those airplanes are 
computed cs 



for airplanes A, 3, and C, respectively. 

By use of these valuos of Kt In conjunction with 
figure 12 (n = 700 mph), the following valuos are obtained: 



ZXAMFLSS 




= 1023 foot per second, or 



a 700 miles per hour 



The valuos of 



are seen to be 0.67, 0.75, and 0.77 



n 









Xiao to Hi. 

w 


Airplane 


(ft) 


(fpa) 


(sec) 


A 


10,250 


492 


25.5 


B 


12,200 


5Z4 


26.2 


C 


12,250 


566 


30.2 



The foregoing valuer of and 7^ are located In 

figure 6 and a curre Is interpolated to the ground, where 
the -v-elocitles are found to "be 512, 657, aad 593 nllea [ 
per hour for airplanes A« ^ and G, respeotlTely . 
Ihe time Increzsents from the altitude to the ground 

are found to he 14, 15.3, and 14,5 seconds, respectively. 

The comp8,rlaon hetween the Btei)~"by^Btep and the chart 
methods Is shown In figure 19, in which it nay he noted 
that, eren though wide variations in the rate of increase 
of profile— drag coefficient hav^ heen used, the errors in 
the velocity curves at any point are less than 3 percent 
and tend to he averaged over the whole range. The error 
in the tine to reach a given altitude la much surlier than 
3 percent hecauae a constant difference of velocity as 
great as 15 miles per hour can he applied fcr over 20 
seconda and still make a difference of less than 500 feet 
in altitude. 

Ihe procedure for taking an initial diving speed 
Into account Is also indicated in figure 12. If. there- 
fore, ^.Irplane A had started to dive at a velocity of 
150 si-iles per hour at 16,000 feet, the curve drawn from 
point B to point E would hold. 

2. The following example is Included to illustrate 
the use of the charts for an airplane in an inclined dive: 

Glvani 

XTominal terminal velocity, U, miles per hour. . . 752 

Starting altitude, H, feet 16,000 

Initial dive speed, miles per hour 0 

Initial dive angle, degrees 60 

Terminal Iiach numher, '. . . « 0.75 



N A C A 

32.000 




8.000 ft . 0 

12.000 ft , 0 i 40 I 80 I 120 I 160 | 200 | 240 
16,000 ft , 0 I 40 I 80 I 120 I 160 | 200 | 240 
20.000 ft , 0 i 40 I ao I 120 I 160 | 200 | 240 
£4.000 ft . 0 I 40 I 80 I 120 I 160 | 200 I 240 
28.000 ft. 0 I 40 I 80 I 120 | ISO 1 200 | 240 
32,000 ft . 0 40 80 120 160 200 240 

Figure 1. - Time-altitude-velocity relations for airplanes diving in a 
standard atmosphere. U * ISO m p h 




8.000 ft .0 
12,000 ft ,6 



18,000 ft ,0 I 40 I 80 I 120 | 160 | 200 i 240 
20,000 ft .0 I 40 I 80 I 120 | 160 | £00 | 240 
24,000 ft .0 I 40 i 80 I 120 | 160 | 200 | 240 
28.000 ft ,0 I 40 j 80 I 120 | 160 | 200 | 240 
32,000ft ,0 40 80 120 160 200 240 



Figure 2. - Tiine-altitude-v'elocity relations for airplanes diving in a 
standard atmosphere. U = 200 m p h 



N A C A 



Fig. 3 




2,000 



8.000 ft , 0 



320 j Velocity, m p h 



12,000ft, 0 I 40 I 80 I 120 | 160 | 200 | 240 | 280 | 320 j 
16.000 ft , 0 I 40 I 80 I 120 I 160 | 200 | 240 | 280 | 320 
£0.000 f t , 0 I 40 I 80 i 120 I 160 | 200 | 240 | 280 | 320 
24,000 ft , 0 I 4,0 I SO I 120 | 160 | 200 | 240 | 280 | 320 



28,000 ft , 0 I 40 I 80 | 120 I 160 | 200 | 240 | 280 
0 40 80 ]2i 



32,000 ft , 



20 160 200 240 



320 
280 320 



Figure 3. - Time-altitude-velocity relations for airplanes diving in a 
standard atmosphere U = E50 m p h 




Fig. 4 



8.000 ft . 0 
1 2.000 ft.O 



80 



400 Velocity, m p h 



leo I 240 I 320 I 400 | I . 
16.000 ft, 0 I 80 I 160 I 240 | 320 | 400 | 
20,000 ft , 0 I 80 I 160 I 240 | 320 | 400 
24,000 ft . 0 I 80 I 160 I 240 I 320 I 400 
28.000 ft , 0 80 I 160 I 240 | -320 [ 4 
32,000ft, 0 8 0 160 240 320 



400 



400 



Figure 4. - Time-altitude-velocity relations for airplanes diving in a 
standard atmosphere. U « 300 m p h 




8,000 ft , 0 

12.000 ft. 0 I 8D j 160 I 240 | 320 | 400 | 480 
16.000 ft , 0 I 80 I 160 I 240 | 320 | 400 | 480 
£0.000 ft . 0 1 80 I 160 I 240 | 320 | 400 | 480 
24.000 f t , 0 I 80 j 160 I 240 | 320 | 400 | 480 
28.000 ft , 0 I 80 I 160 I 240 | 320 | 400 | 480 
32.000 ft , 0 80 160 240 320 4 0 0 480 
36,000 ft , 0 80 160 240 320 400 480 
Figure 5. - Time- altitude-velocity relations for airplanes diving in a 
standard atmosphere. U = 350 m p h 
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Fig. 6 




2,000 



8.000 ft , 0 80 leo 240 320 400 

12.000 ft . 0 "I 80 I 160 I 240 | 320 | 400 | 480 
16,000 ft , 0 I 80 I 160 I 240 | 320 | 400 | 480 
20,000 f t , 0 I 80 I 160 I 240 | 320 I 400 | 480 
24.000 ft , 0 I 80 I 160 I 240 | 320 | 400 | 480 
28.000 ft . 0 I 80 I 160 | 240 | 320 | 400 | 480 
32.000 f t , 0 I 80 I 160 I 240 I 320 | 400 I 480 

36.000 ft , 0 80 160 240 320 400 480 560 
Figure 6. - Time- altitude-velocity relations for airplanes divinff in a 
standard atmosphere. U " 400 m p h 
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Fi«. 




8.000 ft , 0 , 
12,000 ft, C I a'o I 160 I 240 | 320 

16.000 ft , 0 j 80 I ISO I 240 | 320 | 400 | 480 ] 560 
20,000 ft , 0 I 80 I 160 I 240 | 320 | 400 | 480 | 560 
24.000 ft , 0 ! 80 I ISO I 240 \ 320 | 400 | 480 | 560 
26.000 ft , C I 80 I 160 I 240 | 320 | 400 | 480 | 560 
32,000 f t , 0 j 80 I 160 I 240 I 320 | 400 | 480 | 560 
36,000 f t , d 80 160 240 320 400 480 560 
Figure 7.- Time- altitude-velocity relations for airplanes diving in a 
standard atmosphere. U - 450 m p h 
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Fig. 8 



36,000 




8,000 ft, 0 , 
12,000 ft , 6 j 80 I 160 I 240 | 320 

16,000 ft,0 I 80 I 160 I 240 | 320 | 400 | 480 | 560 
20,000 f t . 0 j 80 I 160 ( 240 I 320 | 400 ( 480 | 560 
24,000 ft, 0 I 80 I 160 | 240 | 320 | 400 | 480 560 
28,000 ft , 0 I 80 I 160 1 240 I 320 | 400 | 480 | 560 

AO ' 



480 560 



32,000 ft , 0 I 80 I 160 I 240 | 320 | 400 

36.000 ft , 0 80 160 240 320 400 4^0 560 
Figure 8. - Time- altitude -velocity relations for airplanes diving' in a 
standard atmosphere. U = 500 m p h 
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Fig. 



36.000 



34,000 



3E.OO0 



30.000 




8,000 ft , 0 
1E.000 ft 

16.000 ft . 6 
80.000 ft 



400 

80 I 160 I £40 I 320 I 400 | 480 | 560 | 640 | 

I 80 I 160 i 240 I 320 I 400 | 480 | 560 | 640 
, 0 I 80 I IGO I 240 I 320 | 400 | 480 | 560 | 640 



Velocity, m p ti 



I 480 
100 I ^ 



24.000 f t , 0 I 80 I 160 I 240 | 320 ] 400 
28,000 f t , 0 I 80 I 160 I 240 | 320 | 4 
32.000 ft , 0 I 80 I 160 I 240 | 320 | 4 
36,000ft, 0 80 160 240 320 



560 I 640 
0 I 560 I 640 |.. 
) I 480 I 560 I 640 
400 480 560 640 



Figure 9. - Time-altitude- velocity relations for airplanes diving in a 
standard atmosphere. U = 550 m p h 
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Fig. 10 




2,000 



8.000 ft . 0 



12,000 ft , 0 I 80 j 160 



16,000 
20 



80 160 240 



28,000 ft ,0 



80 160 



24.000 ft, 6 I S'O I 160 I 240 | 320 400 [480 560 

- ' ' ' " ' 320 I 400 480 I SGO | 64o j 720 

0 I 320 I 400 480 I SGO 640 I ' 



240 



720 
64 0 I 720 
' 640 720 



32.000 ft , 0 I 80 I 160 j 240 | 3^0 | 460 4^0 I 560 640 I 720 
36.000 ft . 0 80 160 240 320 400 480 560 640 720 

Figure 10.- Time-altitude-velocity relations for airplanes diving in a 
standard artmosphere. V = 600 m p h 
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Fig. 11 




£.000 



8,000 ft , 0 80 160 240 320 400 480 



) ft , d I 
.000 ft , 0 I 

ft , 0 I _ 
Oft.O I 80 I 
,000 ft . 0 8i 



£8,000 

3^.000 ft 
36,000 ft 



80 160 



... - - 720 

12.000 ft . 0 I 80 I 160 I 240 ] 320 ] 400 I 480 I 560 I 640 I 720 
16.000 ft, 0 I 80 160 I 240 | 320 | 400 | 480 | 560 640 I 720 
£0,000 ft , 0 I 80 I 160 I 240 320 | 400 | 480 | 560 | 640 I 720 



80 160 240 320 400 480 560 640 720 



240 



160 2. 
80 160 



I 320 I 400 I 480 I 560 I 640 I 720 
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Figure 11.- Time- altitude-velocity relations for airplanes diving in a 
standard atmosphere. U = 650 m p h 
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Figure 12.- Time-altitude-velocity relations for airplanes diving in a 
standard atmosphere. U = 700 m p h 
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Figure 13.- Time-altitude velocity relations for airplanes divins in a 
standard attno sphere. U = 750 m p h 
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Fig-ure 14.- Time-altitude-velocity relations for airplanes diving in a 
standard atmosphere. U = 800 m p h 



> i 0 A 



rigs. 18,16 



.08 



.06 



.04 



Data 

(XI 



flOB 

in 



r«f •] 'ana 



OL^O.oi app^oz.) 



Data 

(11 



txom 
in 



1 uan«y 



r«f ■] MO* 



0») 



i 



■ i. C A 
003 8-6; 



Clai'k T 



00( 9 - 6! 
00<6-6i 



I .08 

O 



.06 



(a) 



.06 



(b) 



Data froa 

(8- ft. 



rafaraaoa 



tiumal 



Ol- 



9 
0) 



Data 
(84 



froa 

in 



rafaiaaoa LO 

tunna] , Ol" 0.8 



apprc t. ) 



.04 



.03 




■ A C A 



■ i 0 A 441i 



(c) 



(d) 



.4 



.8 .4 .9 
Maoh nuabar, M 



.7 



rigura 15.- Variation of profila-drag coafflolant with Maob nvatomr for ■•Toral wlag proflloa 
naar tare lift, froa high apeed tunnel taata. 
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rigufo 16.- Vaxliitlon of drag coafficiant for vaxloua cowlinga. 
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Plgore 17.- Taxlatlon of profile-drag coefficient with Uach.'' 
number for hypothetical airplanes, A,B, and C. 
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Figure 18.- Time- altitude-velocity relations for airplanes diving in a stand- 
ard atmosphere at constant Mach number. 
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